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Description
TECHNICAL FIELD

[0001] This application pertains to the technical field of energy storage apparatuses, and specifically relates to a
secondary battery and a preparation method thereof, and a battery module, battery pack, and apparatus containing a
secondary battery.

BACKGROUND

[0002] Secondary batteries are charged and discharged through interchangeable intercalation and de-intercalation of
active ions between positive and negative electrodes, and have remarkable characteristics such as high discharge
voltage, long cycle life, zero pollution, and zero memory effect. Therefore, as clean energy, secondary batteries have
been gradually extended from use in electronic products to the field of large-sized apparatuses such as electro vehicles,
to adapt to the sustainable development strategy for environment and energy.

[0003] To further promote rapid popularization of the electromobiles, a secondary battery with relatively low direct
current internal resistance under high energy density needs to be designed.

SUMMARY

[0004] To achieve the foregoing invention objective, a first aspect of this application provides a secondary battery,
including a positive electrode plate, where the positive electrode plate includes a positive electrode current collector and
a positive electrode film layer that is disposed on the positive electrode current collector and that includes a positive
electrode active material, where the positive electrode active material includes a first material and a second material,
the first material contains lithium transition metal oxide, the second material contains lithium transition metal phosphate,
the lithium transition metal phosphate includes secondary particles formed by agglomeration of primary particles, and
the second material has a lower discharge platform voltage than the first material with respect to a same type of counter
electrode.

[0005] In the secondary battery in this application, the positive electrode plate includes a first material, and the first
material contains lithium transition metal oxide and has a higher discharge platform voltage and gram capacity, so that
the battery can release higher energy. In addition, the positive electrode plate is also combined with a second material,
the second material contains lithium transition metal phosphate, the lithium transition metal phosphate includes secondary
particles, the second material has a lower discharge platform voltage than the first material, and therefore, lower direct
current internal resistance of the battery can be ensured during cycling, and particularly, the direct current internal
resistance of the battery at low temperature or a low state of charge (State of charge, SOC) is more obviously increased.
[0006] In any one of the foregoing embodiments, a particle size of the primary particles in the secondary particles of
the lithium transition metal phosphate ranges from 30 nm to 800 nm, optionally 200 nm to 650 nm, and further optionally,
350 nm to 500 nm. The particle size of the primary particles in the secondary particles of the lithium transition metal
phosphate is within an appropriate range, thereby further reducing the direct current internal resistance of the battery
and reducing a volume swelling rate of the battery during cycling.

[0007] In any one of the foregoing embodiments, morphology of the secondary particles of the lithium transition metal
phosphate is spherical or spherical-like morphology. The secondary particles have proper morphology, so that a smooth
electrolyte infiltration channel can be formed between the particles, thereby further reducing the direct current internal
resistance of the battery during cycling.

[0008] In any one of the foregoing embodiments, a median particle size by volume D, 50 of the second material ranges
from 4 um to 10 wm, and optionally, 5 um to 9 wm. D, 50 of the second material is within the foregoing range, thereby
further increasing the direct current internal resistance of the battery and energy density of the battery.

[0009] In any one of the foregoing embodiments, the first material has a discharge platform voltage ranging from 3.5
V to 4.2 V and optionally a discharge platform voltage ranging from 3.6 V to 3.8 V in a discharge curve at a discharge
rate of 0.33C with respect to graphite. The first material has a higher discharge platform voltage, which helps increase
the energy density of the battery.

[0010] In any one of the foregoing embodiments, the second material has a discharge platform voltage ranging from
3.0 V to 4.0 V, optionally a discharge platform voltage ranging from 3.2 V to 3.7 V, and further optionally a discharge
platform voltage ranging from 3.2 V to 3.5 V in a discharge curve at a discharge rate of 0.33C with respect to graphite.
The discharge platform voltage of the second material is within the foregoing range, so that the battery can continue
working at the discharge platform voltage of the second material for a period of time at the end of discharge (for example,
below 40% SOC, 30% SOC, or 20% SOC), thereby further reducing the direct current internal resistance of the battery
under the low SOC.
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[0011] In any one of the foregoing embodiments, a ratio W of a discharge platform capacity of the second material to
a total discharge capacity of the positive electrode active material in a discharge curve of the positive electrode plate at
the discharge rate of 0.33C with respect to a graphite counter electrode is < 30%, optionally 2% < W < 15%, and further
optionally, 3% < W < 8%. The positive electrode plate satisfies the foregoing condition, thereby ensuring that the battery
has lower direct current internal resistance and further increasing the energy density of the battery. In addition, when
the positive electrode plate satisfies the foregoing condition, a cycling swelling force growth rate of the battery can further
be reduced, thereby prolonging the cycle life.
[0012] In any one of the foregoing embodiments, the lithium transition metal phosphate is selected from one or more
of LiFePQy,, LIMNPQy,, LiMn,_,Fe, POy, LisV,(PO,);, and their modified materials, and optionally includes one or more
of LiFePQy,, LiMn,_,Fe,PO,, and their modified materials, where 0 <z < 1, and optionally 0.05 <z < 0.5. When the lithium
transition metal phosphate is selected from the foregoing substances, the lithium transition metal phosphate has a more
stable crystal structure and can share the current during charging, thereby further improving a volume swelling rate of
the battery during cycling and improving safety.
[0013] In any one of the foregoing embodiments, the second material includes a composite material of the lithium
transition metal phosphate and carbon, and a mass ratio of carbon in the composite material ranges from 0.8% to 2.0%,
optionally from 1.0% to 1.7%, and further optionally from 1.4% to 1.6%. The composite material contains an appropriate
amount of carbon, which helps improve electronic conductivity between the particles of the first material and the second
material in the positive electrode plate, thereby further reducing the direct current internal resistance of the battery.
[0014] In any one of the foregoing embodiments, the lithium transition metal oxide is selected from one or more of
lithium transition metal oxides expressed by formula (l) and their modified materials;

Li4+xNigCopM+_a.502.yAy 0
where -0.1<x<0.2,05<a<0.95,0<b<02,0<a+b<1,and0<y<0.2, where M is selected from one or more
of Mn, Fe, Cr, Ti, Zn, V, Al, W, Mg, B, Cu, Y, Si, Sr, Zr, and Ce, and A is selected from one or more of S, F, ClI, PO43',
and |; and optionally, 0.5 <a <0.7 and 0.01 <b <0.15.
[0015] The lithium transition metal oxide is combined with the second material, so that the battery can have lower
direct current internal resistance, thereby further increasing the energy density of the battery. Particularly, when a positive
electrode in the secondary battery includes both the foregoing second material and lithium transition metal oxide con-
taining 0.5 to 0.7 of Ni and 0.01 to 0.15 of Co, a problem of excessively high direct current internal resistance of the
battery at low temperature and a low SOC can be significantly alleviated, thereby effectively prolonging the cycle life of
the battery.
[0016] In any one of the foregoing embodiments, the first material includes single particles. Optionally, a number
percentage of the single particles in the first material is > 70%, and further optionally ranges from 80% to 100%, or
alternatively optionally, from 90% to 100%. When the number of single particles contained in the first material with the
foregoing morphology is within the foregoing range, it can ensure that the battery has lower direct current internal
resistance. This helps increase a working voltage of the battery, thereby increasing the energy density of the battery,
and this can further reduce side reactions between the electrolyte and the material, thereby reducing the volume swelling
rate of the battery during cycling.
[0017] In any one of the foregoing embodiments, a median particle size by volume D, 50 of the first material ranges
from 0.5 um to 20 um, optionally, from 2 um to 15 um, and further optionally, from 3 wm to 6 um.D, 50 of the first material
is within an appropriate range, which can increase the direct current internal resistance of the battery at the low SOC
and can also reduce the volume swelling rate of the battery during cycling. In addition, the first material with an appropriate
D, 50, which also helps increase the energy density of the battery.
[0018] In any one of the foregoing embodiments, a median particle size by number Dy10 of the first material ranges
from 0.2 pm to 5 um, optionally, from 0.5 wm to 3 um, and further optionally, from 0.5 um to 0.8 wm. Dy10 of the first
material is within an appropriate range, which helps keep the direct current internal resistance of the battery lower,
thereby further improving gassing performance of the battery.
[0019] In any one of the foregoing embodiments, median particle sizes by volume D,99 and D,,10 of the first material
satisfy 1 <D,,99/D,,10 < 10, and optionally, 3 < D,99/D\/10 < 7. The particle size distribution of the first material satisfies
the foregoing relationship, thereby further increasing the direct current internal resistance of the battery and the energy
density of the battery. In addition, the first material includes a smaller amount of small particles, to help the battery obtain
lower cycling swelling rate and good storage performance.
[0020] In any one of the foregoing embodiments, a pH value of the first material ranges from 9 to 13, and optionally,
from 10 to 12. The first material is properly alkaline, which can increase the direct current internal resistance of the
battery and improve high-temperature storage performance of the battery.
[0021] In some embodiments, masses of the electrode plates in any two regions of a unit area in the positive electrode
plate are m; and m, respectively, and satisfy:
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[0022] The entire positive electrode plate has good uniformity, which can improve performance of each region of the
positive electrode plate, thereby further increasing the direct current internal resistance of the battery and reducing the
volume swelling rate of the battery during cycling.

[0023] A second aspect of the application provides a preparation method of a secondary battery, including steps of
the following method for preparing a positive electrode plate: providing a positive electrode active material, where the
positive electrode active material includes a first material and a second material, the first material contains lithium
transition metal oxide, the second material contains lithium transition metal phosphate, the lithium transition metal phos-
phate includes secondary particles formed by agglomeration of primary particles, and the second material has a lower
discharge platform voltage than the first material with respect to a same type of counter electrode; forming the positive
electrode active material into a positive electrode slurry; and applying the positive electrode slurry onto a positive electrode
current collector to form a positive electrode film layer, to obtain the positive electrode plate.

[0024] In the preparation method provided in this application, the positive electrode plate in the secondary battery
includes a first material and a second material, the first material contains the lithium transition metal oxide, the second
material contains lithium transition metal phosphate, the lithium transition metal phosphate includes secondary patrticles,
the second material has a lower discharge platform voltage than the first material, therefore the direct current internal
resistance of the battery can be greatly reduced under high energy density of the battery, and particularly, the direct
current internal resistance of the battery at low temperature or a low SOC is more obviously increased.

[0025] In any one of the foregoing embodiments, viscosity of the positive electrode slurry ranges from 3000 mPa-s to
30000 mPa-s, and optionally from 6000 mPa-s to 15000 mPa-s. The viscosity of the positive electrode slurry is within
the foregoing range, thereby improving processing efficiency and electrochemical performance of the secondary battery.
[0026] In any one of the foregoing embodiments, the positive electrode slurry is left standing for 48 hours during which
no or almost no gelation, delamination, or sedimentation occurs. The positive electrode slurry has good stability, which
facilitates preparation of an even positive electrode film layer.

[0027] A third aspect of this application provides a battery module, including the secondary battery in the first aspect
of this application, or the secondary battery obtained in the preparation method in the second aspect of this application.
[0028] A fourth aspect of this application provides a battery pack, including the secondary battery in the first aspect
of this application or the battery module in the third aspect of this application.

[0029] A fifth aspect of this application provides an apparatus, including at least one of the secondary battery in the
first aspect of this application, the battery module in the third aspect of this application, or the battery pack in the fourth
aspect of this application.

[0030] The battery module, the battery pack, and the apparatus provided in this application include the secondary
battery in this application, and therefore have at least the same advantages as the secondary battery.

BRIEF DESCRIPTION OF DRAWINGS
[0031]

FIG. 1 is a schematic diagram of an embodiment of a secondary battery.

FIG. 2 is an exploded view of FIG. 1.

FIG. 3 is a schematic diagram of an embodiment of a battery module.

FIG. 4 is a schematic diagram of an embodiment of a battery pack.

FIG. 5 is an exploded view of FIG. 4.

FIG. 6 is a schematic diagram of an embodiment of an apparatus using a secondary battery as a power source.
FIG. 7 is a schematic diagram of an embodiment of an apparatus for detecting swelling force of a secondary battery.
FIG. 8 is a schematic diagram of an embodiment of an apparatus for detecting swelling force of a secondary battery
from another perspective.

DESCRIPTION OF EMBODIMENTS

[0032] To make the objectives, technical solutions, and beneficial technical effects of this application clearer, the
following describes this application in detail with reference to specific embodiments. It should be understood that the
embodiments described in this specification are merely intended to interpret this application, but not intended to limit
this application.
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[0033] For simplicity, only some numerical ranges are expressly disclosed in this specification. However, any lower
limit may be combined with any upper limit to form a range not expressly recorded; any lower limit may be combined
with any other lower limit to form a range not expressly recorded; and any upper limit may be combined with any other
upper limit to form a range not expressly recorded. In addition, although not expressly recorded, each point or individual
value between endpoints of a range is included in the range. Therefore, each point or individual value may be used as
its own lower limit or upper limit, or may be combined with any other point or individual value or combined with any other
lower limit or upper limit to form a range not expressly recorded.

[0034] In the descriptions of this specification, it should be noted that "more than" or "less than" is inclusive of the
present number and that "more" in "one or more" means two or more than two, unless otherwise specified.

[0035] In the descriptions of this specification, unless otherwise stated, a term "or" is inclusive. For example, a phrase
"A or B" means "A, B, or both A and B". More specifically, any one of the following conditions satisfies a condition "A or
B": Ais true (or present) and B is false (or not present); A is false (or not present) and B is true (or present); or both A
and B are true (or present).

[0036] Theforegoinginvention contentof this application is notintended to describe each of the disclosed embodiments
or implementations of this application. The following description illustrates exemplary embodiments in detail by using
examples. Throughout this application, guidance is provided by using a series of embodiments and the embodiments
may be used in various combinations. In the embodiments, enumeration is only representative but should not be inter-
preted to be exhaustive.

[0037] The secondary battery includes a positive electrode plate, a negative electrode plate, and an electrolyte. During
charging and discharging of the battery, active ions are intercalated and deintercalated back and forth between the
positive electrode plate and the negative electrode plate. The electrolyte has a function of conducting ions between the
positive electrode plate and the negative electrode plate.

Positive electrode plate

[0038] Inasecondary batteryin this application, a positive electrode plate includes a positive electrode current collector
and a positive electrode film layer that is disposed on the positive electrode current collector and that includes a positive
electrode active material, where the positive electrode active material includes a first material and a second material,
the first material contains lithium transition metal oxide, the second material contains lithium transition metal phosphate,
the lithium transition metal phosphate includes secondary particles formed by agglomeration of primary particles, and
the second material has a lower discharge platform voltage than the first material with respect to a same type of counter
electrode.

[0039] In the second material, the secondary particle is a form of particles formed by agglomeration of a plurality of
primary particles, where a particle size of the primary particles is <1 micrometer (um), oris, forexample, <800 nanometers
(nm).

[0040] A discharge platform voltage of the positive electrode active material has a well-known meaning in the art, and
represents a voltage value corresponding to half of a discharge capacity of the positive electrode active material. The
discharge platform voltage can be measured in a method well-known in the art. In a specific example, a to-be-tested
positive electrode active material may be used to prepare the positive electrode plate, to form a tested battery with a
counter electrode; and the tested battery is fully charged and then fully discharged within a charging/discharging voltage
range, a change curve (also referred to as a discharge curve) of a discharge capacity of the battery with respect to a
voltage is plotted, and a voltage corresponding to half of the discharge capacity is the discharge platform voltage.
[0041] In the test, the counter electrode may be an electrode well-known in the art and used as a negative electrode
of the secondary battery. For example, the counter electrode may be a metal lithium sheet, a graphite electrode, or the
like, or for another example, is a graphite counter electrode. For preparation of the positive electrode plate, the counter
electrode, and the tested battery, reference is made to national standards or industry specifications. A test of the discharge
platform voltage of the first material is used as an example for description. A first material, a conductive agent (for
example, conductive carbon black, Super P), and a binder (for example, polyvinylidene fluoride PVDF) were dispersed
in a solvent NMP at a mass ratio of 95:3:2, to form a positive electrode slurry; and the positive electrode slurry was
applied onto a surface of a positive electrode current collector, aluminum foil, and subjected to drying and cold pressing,
to obtain the positive electrode plate. The negative electrode active material (for example, graphite, which may be artificial
graphite, natural graphite, or mixed graphite of artificial graphite and natural graphite), a conductive agent (for example,
conductive carbon black, Super P), a binder (for example, styrene-butadiene rubber SBR), and a thickener (for example,
sodium carboxymethyl cellulose CMC-Na) are dispersed in a solvent of deionized water at a mass ratio of 95:2:2:1, to
form a negative electrode slurry; and the negative electrode slurry is applied onto a surface of the negative electrode
current collector, copper foil, and subjected to drying and cold pressing, to obtain the negative electrode plate. The
positive electrode plate, the negative electrode plate, and the separator are made into an electrode assembly through
lamination or winding. The electrode assembly is placed in an outer package, and an electrolyte is added, to obtain the
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tested battery. Herein, the electrolyte commonly used in the art may be used. For example, ethylene carbonate EC and
propylene carbonate PC of an equal volume are mixed evenly, and electrolyte lithium salt LiPFg is added, to obtain the
electrolyte. A concentration of LiPFg in the electrolyte may be 1 mol/L. In a test of a discharge platform voltage of the
second material, a tested battery may be prepared in a method similar to that described above.

[0042] In the test, a charge/discharge voltage range is a characteristic of the battery itself, and for example, may be
determined based on a type of the positive electrode active material. In an example, a charge/discharge scheme may
be: At 25°C, the tested battery is charged to an upper cut-off voltage at a constant current rate of 0.33C, and then
charged at a constant voltage until the current is < 0.05C, and at this point, the battery is in a fully charged state (100%
SOC); the battery is allowed to stand for 5 minutes, then the battery is discharged to a lower cut-off voltage at the constant
current rate of 0.33C, and at that point, the battery is in a fully discharged state (0% SOC); and a discharge curve of the
battery is plotted, to obtain the discharge platform voltage.

[0043] After extensive study, the inventor finds that, in the secondary battery in this application, the positive electrode
plate includes a first material, and the first material contains lithium transition metal oxide and has a higher discharge
platform voltage, so that the battery can release higher energy. In addition, the positive electrode plate is also combined
with a second material, the second material contains lithium transition metal phosphate, the lithium transition metal
phosphate includes secondary particles, the second material has a lower discharge platform voltage than the first material,
and therefore, direct current internal resistance of the battery can be greatly reduced during cycling, and particularly,
direct currentinternal resistance of the battery at low temperature or low SOC is more obviously increased. The foregoing
low temperature ranges, for example, from -30°C to 10°C, or for another example, from -20°C to 0°C. The foregoing low
SOC ranges, for example, from 2% SOC to 20% SOC, or for another example, from 5% SOC to 15% SOC.

[0044] Regardless of any theoretical limitation, the lithium transition metal phosphate includes secondary particles
formed by agglomeration of primary particles, and therefore, not only a migration path of active lithium ions and electrons
can be shortened, but also processability of the positive electrode slurry can be improved. This reduces an amount of
binder used for the positive electrode film layer and forms a continuous stable migration network of ions and electrons,
so that the entire positive electrode film layer can have good electronic conductivity and diffusivity for the active lithium
ions, thereby reducing the direct current internal resistance of the battery. Particularly, at low temperature or low SOC,
because the second material with secondary particle morphology still has higher ionic and electronic conductivity, in the
positive electrode plate, the second material with the secondary particle morphology is disposed closely adjacent to the
first material, so that the direct current internal resistance of the battery can still be kept at a low level even at low
temperature or low SOC. In some embodiments, in the lithium transition metal phosphate, a number percentage of
secondary particles is > 80%, or for example, ranges from 90% to 100%.

[0045] In some embodiments, a particle size of the primary particles in the secondary particles of the lithium transition
metal phosphate ranges from 30 nm to 800 nm, for example, from 100 nm to 500 nm, from 200 nm to 650 nm, from 300
nm to 550 nm, from 350 nm to 500 nm, or from 400 nm to 500 nm. The particle size of the primary particles in the
secondary particles of the lithium transition metal phosphate is within an appropriate range, which can improve electron
and ion migration performance of the particles and can also improve processability of the positive electrode slurry, so
that an entire positive electrode film layer made of the positive electrode slurry has good electrical and ionic conductivity,
thereby further reducing the direct current internal resistance of the battery and also reducing a volume swelling rate of
the battery during cycling.

[0046] In some embodiments, a median particle size by volume D, 50 of the second material ranges from 4 um to 10
pwm, for example, from 4 pm to 7 um, from 5 pm to 9 wm, or from 5 um to 8 um. D, 50 of the second material is within
an appropriate range, and therefore, migration paths of active lithium ions and electrons in particles of the first material
and the second material are shorter, so that processability of the positive electrode slurry can be further improved and
the positive electrode film layer also has higher compacted density, thereby further improving the direct current internal
resistance of the battery and increasing the energy density of the battery.

[0047] In some embodiments, morphology of the secondary particles is spherical or spherical-like morphology. The
secondary particles have proper morphology, so that a smooth electrolyte infiltration channel can be formed between
the particles, to implement a good reaction interface in the positive electrode film layer, thereby further reducing the
direct current internal resistance of the battery.

[0048] Regardless of any theoretical limitation, during charging of the battery, the second material can share a part
of a current, to reduce charging polarization, thereby reducing the direct current internal resistance of the battery. During
discharging, the battery can work stably within a specific SOC range at the discharge platform voltage of the second
material, to alleviate an increase in the direct current internal resistance of the battery that is caused by a continuous
decrease in a discharge voltage.

[0049] Because the secondary battery in this application has lower direct current internal resistance during cycling,
the secondary battery can have a better large-current discharge capacity, and capacity exertion of the positive electrode
active material can be improved, so that the battery can obtain higher energy density. In addition, cycle life of the battery
can also be significantly prolonged.
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[0050] In some embodiments, the first material has a discharge platform voltage ranging from 3.5 V to 4.2 V, for
example, a discharge platform voltage ranging from 3.6 V to 3.8 V, from 3.7 V to 4.0 V, or from 3.7 Vt0 3.8 Vin a
discharge curve at a discharge rate of 0.33C with respect to graphite. The first material has a higher discharge platform
voltage, so that the battery has a higher working voltage, thereby increasing the energy density of the battery. In the
secondary battery in this application, the first material contains lithium transition metal oxide, and the lithium transition
metal oxide generally has, for example, a charge/discharge voltage ranging from 2.5 V to 4.2 V, from 2.8 Vto 4.4 V,
from2.8V1t04.35V, from 2.8 Vto 4.3V, orfrom 2.8V to 4.25V.

[0051] In some embodiments, the second material has a discharge platform voltage ranging from 3.0 V to 4.0 V, for
example, a discharge platform voltage ranging from 3.0 Vto 3.5V, from 3.0 V to 3.3 V, from 3.0 V to 3.25 V, from 3.15
Vto3.25V, from3.2Vt03.3V,from3.2Vto3.5V,from3.2Vto3.7V,orfrom 3.35V to 3.45V in a discharge curve
at a discharge rate of 0.33C with respect to graphite. At a start of discharge, the first material mainly provides a high
working voltage and a high capacity for the battery. At an end of discharge (for example, below 40% SOC, below 30%
SOC, or below 20% SOC), the battery can continue working at the discharge platform voltage of the second material
for a period of time, so that a voltage of the battery can be prevented from dropping rapidly, thereby further reducing the
direct current internal resistance of the battery at the low SOC.

[0052] In some embodiments, the lithium transition metal phosphate is present in its composite material with carbon.
The composite material of lithium transition metal phosphate and carbon can be a coating composite material or an
intercalating composite material. The coating composite material is obtained by coating the surface of the lithium transition
metal phosphate with a carbon coating layer. The intercalating composite material can be obtained by intercalating the
lithium transition metal phosphate into a framework structure of a carbon material. The use of the composite material of
the lithium transition metal phosphate and carbon can furtherimprove conductivity of the positive electrode active material,
thereby further reducing the direct current internal resistance of the battery.

[0053] In some embodiments, in the composite material of the lithium transition metal phosphate and carbon, a mass
ratio of carbon ranges from 0.8% to 2.0%, for example, from 1.0% to 1.7%, from 1.4% to 1.6%, or from 1.45% to 1.55%.
The composite material contains an appropriate amount of carbon, which helps improve electronic conductivity between
the particles of the first material and the second material in the positive electrode plate, thereby further reducing the
direct current internal resistance of the battery.

[0054] In some embodiments, the lithium transition metal phosphate may be selected from one or more of LiFePQOy,,
LiMnPOy, LiMn,_,Fe,POy, Li3V,(PO,);, and their modified materials. For example, the lithium transition metal phosphate
includes one or more of LiFePO,, LiMnPO,, LiMn,_Fe,PO,, and their modified materials. For example, the lithium
transition metal phosphate includes one or more of LiFePO,, LiMn,_,Fe,PO,, and their modified materials. Herein, 0 <
z<1, and optionally 0.05 <z <0.5. When the lithium transition metal phosphate is selected from the foregoing substances,
the lithium transition metal phosphate has a more stable crystal structure and can share the current during charging, so
that an oxygen release problem of the first material (for example, a Ni- or Co-containing lithium transition metal oxide)
having a high discharge voltage platform and side reactions on a surface of the electrolyte can be alleviated, thereby
further increasing a volume swelling rate of the battery during cycling and improving safety.

[0055] In the context of this application, a "modified material® may refer to modifying a compound through doping or
coating.

[0056] In the first material, the lithium transition metal oxide may include, but is not limited to, one or more of lithium
cobalt oxide, lithium nickel oxide, lithium manganese oxide, lithium nickel cobalt oxide, lithium manganese cobalt oxide,
lithium nickel manganese oxide, lithium nickel cobalt manganese oxide, lithium nickel cobalt aluminum oxide, lithium
nickel cobalt tungsten oxide, and their modified compounds. For example, the lithium transition metal oxide may include
one or more of lithium cobalt oxide, lithium nickel cobalt oxide, lithium nickel manganese oxide, lithium nickel cobalt
manganese oxide, lithium nickel cobalt aluminum oxide, lithium nickel cobalt tungsten oxide, and their modified com-
pounds. For another example, the lithium transition metal oxide may include one or more of lithium nickel cobalt man-
ganese oxide, lithium nickel cobalt aluminum oxide, lithium nickel cobalt tungsten oxide, and their modified compounds.
The lithium transition metal oxide has a higher discharge voltage and a higher gram capacity, which can increase the
energy density of the battery.

[0057] In some embodiments, the lithium transition metal oxide is selected from one or more of lithium transition metal
oxides Liy4+xNi;CopMy_5.10,.,Ay and their modified materials, where -0.1<x<0.2,0.5<a<0.95,0<b<0.2,0<a+b
<1,0<y<0.2, M is selected from one or more of Mn, Fe, Cr, Ti, Zn, V, Al, W, Mg, B, Cu, Y, Si, Sr, Zr, and Ce, and A
is selected from one or more of S, F, Cl, PO43', and |. The lithium transition metal oxide has a higher gram capacity,
which can increase the energy density of the battery. An amount of rare resource cobalt contained in the lithium transition
metal oxide is reduced. Because the second material is also mixed in the positive electrode active material, a decrease
in kinetic performance and an increase in the direct current internal resistance caused by a decrease in a percentage
of contained cobalt can be compensated for, so that the battery has a higher large-current charge/discharge capacity
and higher cycling performance.

[0058] In some embodiments, for example, 0.5 <a<0.8,06<a<0.8,0.7<a<0.8,06<a<0.7,0or0.5<a<0.7;
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for example, 0.01 < b < 0.15; and for another example, 0.01 <b <0.10,0.03<b <0.10,0.07 <b <0.15,0.05< b <0.10,
or 0.05 < b <0.07. The lithium transition metal oxide has a higher gram capacity and higher structural stability, so that
the battery has higher energy density, less cycling swelling, and longer cycle life. When a positive electrode in the
secondary battery includes both the foregoing second material and lithium transition metal oxide containing 0.5 to 0.7
of Ni and 0.01 to 0.15 of Co, a problem of excessively high direct current internal resistance of the battery at low
temperature and low SOC can be significantly alleviated, thereby effectively increasing the cycle life of the battery.
[0059] The use of appropriate M or A can further improve structural stability and increase a gram capacity of the lithium
transition metal oxide. In some embodiments, M may include one or more of Mn, Al, W, Mg, B, Zr, and Ce. For example,
M may include one or more of Mn, Al, and W. In some embodiments, A may include F.

[0060] In some embodiments, the first material includes single particles. In the first material in this application, single
particles are discrete primary particles, or a form of particles formed by agglomeration of a small number of (for example,
2 to 5) primary particles. In some embodiments, a particle size of primary patrticles in the single particle is > 1 um. The
first material with single-particle morphology has higher stability, is unbreakable, and has a smaller specific surface area
at a high voltage, to help increase a working voltage of the battery, so that the energy density of the battery is increased
and side reactions between electrolyte and the material can be further reduced, thereby reducing the volume swelling
rate of the battery during cycling.

[0061] In some embodiments, a number percentage of the single particles in the first material is > 70%, or for example,
ranges from 80% to 100%, from 85% to 100%, or from 90% to 100%. The number percentage of the single particles in
the first material is higher, which can further increase the energy density of the battery and reduce the volume swelling
rate of the battery during cycling.

[0062] In some embodiments, a number percentage of the single particles in the first material ranges from 70% to
97%, from 85% to 95%, or from 80% to 90%. The first material also contains an appropriate amount of secondary
particles, which can further increase the compacted density of the positive electrode plate and further effectively shorten
a migration path of active lithium ions and electrons between particles of the first material and the second material while
increasing the energy density of the battery, thereby further increasing the direct currentinternal resistance of the battery.
In the first material, the secondary particle is a form of particles formed by agglomeration of primary particles, and has
a greater number of primary particles compared with single particles in the first material. In some examples, in the
secondary particles of the first material, a particle size of the primary particles is < 1 um,or for example, ranges from
200 nm to 900 nm, or from 300 nm to 800 nm.

[0063] In some embodiments, a median particle size by volume D, 50 of the first material ranges from 0.5 um to 20
pwm, or for example, from 2 pm to 15 um, from 2.5 um to 10 pum, from 3 um to 8 um,or from 3 um to 6 um. D,,50 of the
first material is within an appropriate range, which can improve ionic and electronic conductivity of the active material
in the positive electrode plate, increase the direct current internal resistance of the battery at the low SOC, and can also
reduce side reactions between the material and the electrolyte, thereby reducing gas volume and reducing the volume
swelling rate of the battery during cycling. In addition, the first material has appropriate D,,50, so that the positive electrode
film layer has higher compacted density, thereby increasing the energy density of the battery.

[0064] In some embodiments, a median particle size by number Dy10 of the first material ranges from 0.2 um to 5
pwm, or for example, from 0.5 um to 3 pum, from 0.3 pm to 2 pm, from 0.4 um to 1 wm, or from 0.5 um to 0.8 pum. Dy10
of the first material is within an appropriate range, so that the direct current internal resistance of the battery is lower
and an amount of micropowder contained in the first material is further reduced, thereby suppressing side reactions
between the electrolyte and the first material and improving gassing performance of the battery. In addition, the positive
electrode slurry using the first material has higher stability, which improves processability of the positive electrode material
and helps increase compacted density of the positive electrode film layer, thereby increasing the energy density of the
battery.

[0065] Insome embodiments, median particle sizes by volume D, 99 and D\, 10 of the first material satisfy 1 <D,,99/D\,10
<10, for example, 3 < D\99/D\,10 < 7, 4 < D,99/D\,10 < 8, or 5 < D\,99/D\,10 < 7. The particle size distribution of the
first material satisfies the foregoing relationship, and particles of the positive electrode material have good lamination
performance, so that particles of the first material and the second material have higher ion and electron migration
performance, the positive electrode film layer has higher compacted density, a smoother electrolyte infiltration channel
is formed, thereby further increasing the direct current internal resistance of the battery and increasing the energy density
of the battery. In addition, the first material includes a smaller amount of small particles, which helps reduce gassing
volume in the battery, to obtain lower cycling swelling rate and good storage performance.

[0066] In some embodiments, a pH value of the first material ranges from 9 to 13, for example, from 10 to 12, or from
11 to 13. The first material is alkaline, which can neutralize an acidic by-product such as HF generated in the battery,
to reduce precipitation of transition metal ions (for example, Fe) of the second material, so that stability of the positive
electrode active material is improved and impact of precipitated metal on stability of the negative electrode is further
reduced, thereby increasing the direct current internal resistance of the battery. The pH value of the first material is
within an appropriate range, so that the positive electrode slurry can also have higher processability, and gassing volume
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caused by decomposition of an impurity on a surface of the first material is reduced, thereby improving low-gassing
performance and high-temperature storage performance of the battery.

[0067] In some embodiments, a ratio W of a discharge platform capacity of the second material to a total discharge
capacity of the positive electrode active material in a discharge curve of the positive electrode plate at the discharge
rate of 0.33C with respect to a graphite counter electrode is < 30%, for example, 1% <W < 30%, 2% < W < 15%, 3% <
W <10%, 3% <W < 8%, or4% < W < 7%.

[0068] In this application, a type of the first material, a type of the second material, and a ratio of the first material to
the second material may be adjusted to control W within a required range.

[0069] In this application, graphite may be used as the negative electrode active material to prepare the negative
electrode plate in the foregoing method, and the positive electrode plate and the negative electrode plate are used to
prepare the to-be-tested battery. The to-be-tested battery is tested in the foregoing charge/discharge scheme to obtain
a discharge curve, a discharge capacity corresponding to a discharge platform voltage of the second material in the
discharge curve is obtained, and a ratio of the capacity to a total discharge capacity of the positive electrode active
material is calculated.

[0070] In the secondary battery in this application, the positive electrode plate satisfies the foregoing condition, the
first material and the second material in the positive electrode active material are properly matched, and can also have
good processability of the positive electrode slurry, to increase the compacted density of the positive electrode film layer
and form good ionic and electronic conductivity between the particles, so that the second material is exerted to greater
extent to increase the direct current internal resistance of the battery and a high-discharge voltage characteristic of the
first material is effectively exerted, thereby ensuring that the battery has higher energy density. The second material can
also improve overall stability of the positive electrode active material, and reduce a volume swelling rate of the battery
during cycling, and thereby prolonging the cycle life.

[0071] In some embodiments, any two regions of a unit area in the positive electrode plate are separately denoted as
a first region and a second region, a mass of the electrode plate in the first region is mi, and a mass of the electrode
plate in the second region is m,, satisfying:

Mxm()%so.l%
ml

[0072] The entire positive electrode plate has good uniformity, which can improve electrochemical performance of
each region of the positive electrode plate, thereby further reducing the direct current internal resistance of the battery
and reducing the volume swelling rate of the battery during cycling.

[0073] Inthe secondary battery inthis application, the positive electrode film layer usually includes the positive electrode
active material and an optional binder and an optional conductive agent, and is usually formed after a positive electrode
slurry is applied, following by drying and cold-pressing. The positive electrode slurry is usually formed by dispersing the
positive electrode active material, the optional conductive agent, the optional binder and the like in a solvent and stirring
them evenly. The solvent may be N-methylpyrrolidone (NMP).

[0074] For example, the binder used for the positive electrode film layer may include one or more of polyvinylidene
fluoride (PVDF) and polytetrafluoroethylene (PTFE).

[0075] Forexample, the conductive agent used for the positive electrode film layer may include one or more of super-
conducting carbon, carbon black (for example, acetylene black or Ketjen black), carbon dots, carbon nanotubes, graph-
ene, and carbon nanofibers.

[0076] In the secondary battery in this application, the positive electrode current collector can use metal foil or a
composite current collector (a metal material can be disposed on a polymer substrate to form the composite current
collector). For example, the positive electrode current collector can use aluminum foil.

[0077] In this application, morphology (single particles or secondary particles) of the positive electrode active material
can be tested in a method well-known in the art. An exemplary test method is as follows: A first material is laid and
pasted on a conductive adhesive to prepare a sample under test having a length of 6 cm and a width of 1.1 cm; and
morphology of particles in the sample under test is tested by using a scanning electron microscope and an energy
disperse spectroscopy (for example, ZEISS Sigma 300). For the test, reference is made to JY/T010-1996. In order to
ensure accuracy of a test result, 10 different regions in the sample under test may be randomly selected for a scanning
test, and under 5000x magnification, based on a particle morphology characteristic, number ratios of single particles in
the tested regions are collected, and an average is calculated, that is, a number percentage of the single particles in the
first material. Similarly, a number percentage of the secondary particles in the second material may be tested.

[0078] In this application, the particle size of the primary particles in the secondary particles has a meaning well-known
in the art, and can be tested in a method well-known in the art. An exemplary test method was as follows: Dry second
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material powder is taken and dispersed on a conductive silver paint or conductive paper, and then put under a field
emission scanning electron microscope (for example, ZEISS Sigma 300). an electron beam beats on a sample surface,
and a detector receives excited secondary electrons or a backscattered electron signal and generates a grayscale image,
to obtain a scanning electron microscope image showing surface morphology of the particles. On the scanning electron
microscope image, the particle sizes of the primary particles are collected in a long-diameter statistical method (a
maximum measurable diameter of a single primary particle in the SEM image is defined as the particle size of the primary
particle). Particle sizes of the primary particles in at least 10 regions are measured for each group of samples, and an
average of particle sizes of primary particles in three groups of samples is calculated, that is, the particle size of the
primary particle in the lithium transition metal phosphate.

[0079] In this application, D,,10, D,/50, D,90, Dv99, and D10 of the positive electrode active material have meanings
well-known in the art, and can be tested in methods well-known in the art. For example, a laser particle size analyzer
may be used. An exemplary test method is as follows: A sample under test is evenly dispersed in a dispersion medium
(for example, water, ethanol, or NMP; or for another example, water), and is tested by using a laser particle size analyzer
(for example, Malvern Master Size 3000). To achieve uniform dispersion, the sample may be properly subjected to
ultrasound treatment before being tested. For the test, reference is made to GB/T 19077.1-2016. In these terms:

D, 10 represents a corresponding particle size when a cumulative volume distribution percentage of the positive
electrode active material reaches 10%;

D, 50 represents a corresponding particle size when a cumulative volume distribution percentage of the positive
electrode active material reaches 50%;

D, 90 represents a corresponding particle size when a cumulative volume distribution percentage of the positive
electrode active material reaches 90%;

D, 99 represents a corresponding particle size when a cumulative volume distribution percentage of the positive
electrode active material reaches 99%; and

Dn10 represents a corresponding particle size when a cumulative number distribution percentage of the positive
electrode active material reaches 10%.

[0080] In this application, a carbon content of the second material has a meaning well-known in the art, and can be
tested in a method well-known in the art. For example, a carbon and sulfur analyzer (for example, HCS-140 from Shanghai
Dekai Instrument Co., Ltd.) may be used. An exemplary test method is as follows: A second material sample is burned
under oxygen to convert carbon into CO,; after entering an absorption cell, a combustion product is converted into a
corresponding signal by a detector; the signal is sampled by using a computer and converted into a value in direct
proportional to a concentration of CO, after linear correction; values in an entire analysis procedure are accumulated,;
and after the analysis, the accumulative sum is divided by mass and then multiplied by a correction coefficient; and a
blank is deducted to obtain the carbon content of the sample.

[0081] In this application, a pH value of the first material has a meaning well-known in the art, and can be tested in a
method well-known in the art. For example, a pH meter (for example, Raymagnetic PHS-3C) may be used. An appropriate
amount of sample under test is mixed with deionized water at a fixed ratio (for example, a mass ratio of 1:9), stirred for
30 minutes, and left standing for 1.5 hours at constant temperature of 25°C to obtain a to-be-tested solution; and a pH
calibration solution is also left standing at constant temperature of 25°C. An electrode is rinsed with deionized water (or
referred to as DI water); water on the electrode is removed with airlaid paper; a calibration solution (pH = 6.86) is used
for calibration and confirmation, then the electrode is rinsed again in accordance with the foregoing step, then calibration
solutions (pH = 4.00, 9.18, and 12.00) are used for slope confirmation and calibration, and the electrode is rinsed. A
supernatant of the to-be-tested solution is collected, and a pH value of the supernatant is measured for three times at
constant temperature of 25°C by using a Raymagnetic PHS-3C pH meter and an E-201-C glass electrode, and an
average of the three measured pH values is calculated, that is, a pH value of the first material.

[0082] In this application, element composition of the positive electrode active material has a meaning well-known in
the art, and can be tested in a method well-known in the art. For example, an inductively coupled plasma optical emission
spectrometer (for example, iCAP 7400 from THERMO SCIENTIFIC) may be used to measure an amount of Li, Fe, P,
Ni, Co, Mn, and other metal elements contained in the to-be-tested sample.

Negative electrode plate

[0083] In the secondary battery in this application, the negative electrode plate includes a negative electrode current
collector and a negative electrode film layer disposed on at least one surface of the negative electrode current collector.
[0084] In the negative electrode plate in this application, the negative electrode current collector can use metal foil or
a composite current collector (a metal material can be disposed on a polymer substrate to form the composite current
collector). For example, the negative electrode current collector can use copper foil.
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[0085] The negative electrode film layer usually includes a negative electrode active material, an optional binder, an
optional conductive agent, and other optional additives. The negative electrode film layer is usually formed by applying
a negative electrode slurry onto the negative electrode current collector, and then followed by drying, and cold-pressing.
The negative electrode slurry is usually formed by dispersing the negative electrode active material, the optional con-
ductive agent, the optional binder, the optional binder, and the like in a solvent and stirring them evenly. The solvent
may be N-methylpyrrolidone (NMP) or deionized water.

[0086] In some embodiments, the negative electrode active material may include one or more of artificial graphite,
natural graphite, a silicon-based material, and a tin-based material. These negative electrode materials have a higher
gram capacity, so that the secondary battery has higher energy density. Optionally, the negative electrode active material
includes one or more of artificial graphite and natural graphite. A graphite material not only has a higher gram capacity,
but also has higher ion and electron migration properties, higher cycling stability, and lower cycling swelling rate, so that
the secondary battery has higher energy density and cycling performance.

[0087] In some embodiments, the negative electrode film layer includes the conductive agent. The conductive agent
can improve conductivity of the negative electrode plate. In an example, the conductive agent may include one or more
of superconducting carbon, carbon black (for example, Super P, acetylene black, or Ketjen black), carbon dots, carbon
nanotubes, graphene, and carbon nanofibers.

[0088] In some embodiments, the negative electrode film layer includes a binder. The binder firmly binds the negative
electrode active material, the optional conductive agent, and the like to the negative electrode current collector. In an
example, the binder may include one or one of styrene-butadiene rubber (SBR), water-borne acrylic resin, polyvinyl
alcohol (PVA), sodium alginate (SA), and carboxymethyl chitosan (CMCS).

[0089] In some embodiments, the negative electrode film layer may also include another optional additive to improve
performance of the negative electrode film layer. The another optional additive is, for example, a thickener (for example,
sodium carboxymethyl cellulose CMC-Na), a PTC thermistor material, and the like.

Separator

[0090] The separator is disposed between the positive electrode plate and the negative electrode plate for isolation.
Atype of the separator is not particularly limited for the secondary battery in this application, and any well-known separator
with a porous structure used for the secondary battery may be selected. For example, the separator may be selected
from one or more of a glass fiber film, a non-woven film, a polyethylene film, a polypropylene film, a polyvinylidene
fluoride film, and a multilayer composite film including one or more of them.

Electrolyte

[0091] Theelectrolyte hasafunction of migrating ions in a secondary battery. In the secondary battery of this application,
the electrolyte may be a solid electrolyte film, or a liquid electrolyte (namely, the electrolyte). In some embodiments, the
electrolyte is the liquid electrolyte. The electrolyte includes an electrolyte lithium salt, a solvent, and an optional additive.
[0092] Insomeembodiments, the lithium salt may be selected from one or more of LiPFg (lithium hexafluorophosphate),
LiBF, (lithium tetrafluoroborate), LiCIO, (lithium perchlorate), LiAsFg (lithium hexafluoroarsenate), LiFSI (lithium bisfluor-
osulfonimide), LiTFSI (lithium bistrifluoromethanesulfonimidate), LiTFS (lithium trifluoromethanesulfonate), LiDFOB (lith-
ium difluoro (oxalato) borate), LIBOB (lithium bis(oxalato) borate), LiPO,F, (lithium difluorophosphate), LIDFOP (lithium
difluoro bis(oxalato) phosphate), and LiTFOP (lithium tetrafluoro oxalato phosphate).

[0093] In some embodiments, the solvent may be selected from one or more of ethylene carbonate (EC), propylene
carbonate (PC), ethyl methyl carbonate (EMC), diethyl carbonate (DEC), dimethyl carbonate (DMC), dipropy! carbonate
(DPC), methyl propyl carbonate (MPC), ethyl propyl carbonate (EPC), butylene carbonate (BC), fluoroethylene carbonate
(FEC), methyl formate (MF), methyl acetate (MA), ethyl acetate (EA), propyl acetate (PA), methyl propionate (MP), ethyl
propionate (EP), propyl propionate (PP), methyl butyrate (MB), ethyl butyrate (EB), gamma-butyrolactone (GBL), te-
tramethylene sulfone (SF), methyl sulfone (MSM), ethyl methanesulfonate (EMS), and diethyl sulfone (ESE).

[0094] In some embodiments, the additive optionally includes a negative electrode film-forming additive, and further
optionally includes a positive electrode film-forming additive, and further optionally includes an additive capable of
improving some performance of a battery, for example, an additive for improving over-charge performance of the battery,
an additive for improving high-temperature performance of the battery, and an additive for improving low-temperature
performance of the battery.

[0095] In the secondary battery in this application, the positive electrode plate, the negative electrode plate, and the
separator may be made into an electrode assembly through lamination or winding, and the separator is disposed between
the positive electrode plate and the negative electrode plate for isolation.

[0096] The secondary battery in this application may include an outer package. The outer package is configured to
package the electrode assembly and the electrolyte.
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[0097] In some embodiments, the outer package may be a hard shell, for example, a hard plastic shell, an aluminum
shell, or a steel shell. The outer package may alternatively be a soft package, for example, a soft bag. A material of the
soft package may be plastic, for example, may include one or more of polypropylene (PP), polybutylene terephthalate
(PBT), polybutylene succinate (PBS), and the like.

[0098] This application does not impose a special limitation on a shape of the secondary battery, and the lithium-ion
battery may be cylinder-shaped, prism-shaped, or in any other shape. FIG. 1 shows a secondary battery 5 of a square
structure as an example. As shown in FIG. 2, the outer package may include a housing 51 and a cover plate 53. The
housing 51 may include a base plate and a side plate connected onto the base plate, and the base plate and the side
plate enclose an accommodating cavity. The housing 51 has an opening connected to the accommodating cavity, and
the cover plate 53 can cover the opening to seal the accommodating cavity. The electrode assembly 52 is packaged in
the accommodating cavity. The electrolyte infiltrates the electrode assembly 52. There may be one or more electrode
assemblies 52 in the secondary battery 5, and the quantity may be adjusted as required.

[0099] In some embodiments, secondary batteries may be assembled into a battery module, and the battery module
may include a plurality of secondary batteries. The specific quantity may be adjusted based on application and capacity
of the battery module.

[0100] FIG. 3 shows a battery module 4 used as an example. As shown in FIG. 3, in the battery module 4, a plurality
of secondary batteries 5 may be sequentially arranged in a length direction of the battery module 4. Certainly, the
secondary batteries may alternatively be arranged in any other manner. Further, the plurality of secondary batteries 5
may be fastened through fasteners.

[0101] Optionally, the battery module 4 may further include a housing with an accommodating space, and the plurality
of secondary batteries 5 are accommodated in the accommodating space.

[0102] Insome embodiments, battery modules may be further assembled into a battery pack, and a quantity of battery
modules included in the battery pack may be adjusted based on application and capacity of the battery pack.

[0103] FIG. 4 and FIG. 5 show a battery pack 1 as an example. As shown in FIG. 4 and FIG. 5, the battery pack 1
may include a battery box and a plurality of battery modules 4 arranged in the battery box. The battery box includes an
upper box body 2 and a lower box body 3. The upper box body 2 can cover the lower box body 3 to form enclosed space
for accommodating the battery modules 4. The plurality of battery modules 4 may be arranged in the battery box in any
manner.

[0104] This application further provides a preparation method of a secondary battery. The preparation method includes
steps of preparing a positive electrode plate: providing a positive electrode active material, where the positive electrode
active material includes a first material and a second material, the first material contains lithium transition metal oxide,
the second material contains lithium transition metal phosphate, the lithium transition metal phosphate includes secondary
particles formed by agglomeration of primary particles, and the second material has a lower discharge platform voltage
than the first material with respect to a same type of counter electrode; forming the positive electrode active material
into a positive electrode slurry; and applying the positive electrode slurry onto a positive electrode current collector to
form a positive electrode film layer, to obtain the positive electrode plate.

[0105] In the foregoing preparation method, the first material and the second material may be the materials described
herein.

[0106] In some embodiments, the positive electrode active material, the optional conductive agent, and the optional
binder can be dispersed in a solvent (for example, N-methylpyrrolidone NMP), and stirred evenly to form the positive
electrode slurry. Then the positive electrode slurry can be applied onto at least one surface of the positive electrode
current collector in a coating method well-known in the art. A positive electrode slurry coating layer is dried and cold
pressed to form a positive electrode film layer to obtain the positive electrode plate.

[0107] In some embodiments, viscosity of the positive electrode slurry ranges from 3000 mPa-s to 30000 mPa-s, for
example, from 3000 mPa-s to 20000 mPa-s, from 4000 mPa-s to 15000 mPa-s, from 6000 mPa-s to 15000 mPa s, or
from 6000 mPa s to 10000 mPa s. The viscosity of the positive electrode slurry is within the foregoing range, so that
processability of the slurry and the film layer can be improved, thereby improving processing efficiency and electrochem-
ical performance of the secondary battery.

[0108] In some embodiments, the positive electrode slurry is left standing for 48 hours during which no or almost no
gelation, delamination, or sedimentation occurs. Herein, the slurry can be scooped up (by using, for example, a stainless
steel ruler or a stainless steel plate), and the slurry flows down naturally. If it is determined, through visual observation,
thatthe slurry continuously flows and that there is no agglomerate in the slurry, the slurry is not gelled. It can be determined,
through visual observation, whether the positive electrode slurry is delaminated and sedimented. The positive electrode
slurry has good stability, which facilitates preparation of an even positive electrode film layer.

[0109] The preparation method in this application may further include other well-known steps for preparing the sec-
ondary battery. Details are not described herein.

[0110] Except the preparation method of the positive electrode plate in this application, other construction and prep-
aration methods of the secondary battery in this application are well-known. For example, the negative electrode plate
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in this application can be prepared in the following preparation method: The negative electrode active material and the
optional conductive agent, the optional binder and another optional additive are mixed and then dispersed in a solvent
(for example, NMP or deionized water), stirred evenly, then applied onto the negative electrode current collector, dried
and cold pressed, to obtain the negative electrode plate.

[0111] In this application, materials such as the positive electrode active material and the negative electrode active
material for preparing the secondary battery can be obtained commercially or prepared in a method known in the art. A
person skilled in the art can make a proper choice according to an actual use need.

[0112] In some embodiments, the positive electrode plate, the negative electrode plate, the separator, and the elec-
trolyte can be assembled into the secondary battery. In an example, the positive electrode plate, the separator, and the
negative electrode plate can be wound or stacked to form the electrode assembly; and the electrode assembly is put in
an outer package, and an electrolyte is injected, and then subjected to treatment such as vacuum packaging, standing,
formation, and shaping to obtain the secondary battery.

[0113] A preferable technical feature of the secondary battery in this application are also applicable to the preparation
method in this application, implementing corresponding beneficial effects.

[0114] This application further provides an apparatus. The apparatus includes at least one of the secondary battery,
the battery module, or the battery pack in this application. The secondary battery, the battery module, or the battery
pack may be used as a power source for the apparatus, or an energy storage unit of the apparatus. The apparatus may
be, but is not limited to, a mobile device (for example, a mobile phone or a notebook computer), an electric vehicle (for
example, a full electric vehicle, a hybrid electric vehicle, a plug-in hybrid electric vehicle, an electric bicycle, an electric
scooter, an electric golf vehicle, or an electric truck), an electric train, a ship, a satellite, an energy storage system, and
the like.

[0115] The secondary battery, the battery module, or the battery pack may be selected for the apparatus based on
requirements for using the apparatus.

[0116] FIG. 6 shows an apparatus as an example. The apparatus is a full electric vehicle, a hybrid electric vehicle, a
plug-in hybrid electric vehicle, or the like. To meet a requirement of the apparatus for high power and high energy density
of a secondary battery, a battery pack or a battery module may be used.

[0117] In another example, the apparatus may be a mobile phone, a tablet computer, a notebook computer, or the
like. The apparatus is usually required to be light and thin, and the secondary battery may be used as a power source.

Examples

[0118] Content disclosed in this application is described in detail in the following examples. These examples are
intended only for illustrative purposes because various modifications and changes made without departing from the
scope of the content disclosed in this application are apparent to those skilled in the art. Unless otherwise stated, all
parts, percentages, and ratios reported in the following examples are based on mass, all reagents used in the embod-
iments are commercially available or synthesized in a conventional manner, and can be used directly without further
treatment, and all instruments used in the embodiments are commercially available.

I. Positive electrode active material

[0119] A positive electrode active material applied to the following examples and comparative examples are commer-
cially available.

1. First material:

NCM-1: LiNig 70C0g g1Mng 2905
NCM-2: LiNig 70Cog 15sMng 4505
NCM-3: LiNig 70CO¢ g7Mng 230,
NCM-4: LiNig 70C0q g5sMng 2505
NCA-1: LiNig goC0q 15Alg 0502
NCW-1: LiNig ggC0g 15Wg 0502

2. Second material:
Carbon coated LiFePO,, LFP/C for short;

Carbon coated LiMng sFeq 5PO,4, LMFP/C for short; and
Carbon coated LiMnPO,, LiMnPO,/C for short.
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Il. Preparation of secondary battery
Example 1

Preparation of positive electrode plate

[0120] A first material NCM-1 and a second material LFP/C were mixed to obtain a positive electrode active material;
the positive electrode active material, a conductive agent conductive carbon black, and a binder polyvinylidene fluoride
(PVDF) were mixed at a mass ratio of 95:3:2 in a solvent NMP and well stirred evenly to form an even positive electrode
slurry. The positive electrode slurry was applied onto two side surfaces of aluminum foil of a positive electrode current
collector, followed by drying and cold pressing, to obtain the positive electrode plate. Compacted density of the positive
electrode film layer was 3.22 g/cm3.

Preparation of negative electrode plate

[0121] A negative electrode active material artificial graphite, a conductive agent conductive carbon black, a binder
styrene-butadiene rubber (SBR), a thickener sodium carboxymethyl cellulose (CMC-Na) were well stirred and mixed in
a deionized water solvent at a mass ratio of 95:2:2:1, to form an even negative electrode slurry. The negative electrode
slurry was applied onto two side surfaces of copper foil of a negative electrode current collector, followed by drying and
cold pressing, to obtain the negative electrode plate. Compacted density of the negative electrode film layerwas 1.5 g/cm3.

Preparation of electrolyte

[0122] Ethylene carbonate EC and propylene carbonate PC of an equal volume were mixed evenly to obtain a solvent;
and then an electrolyte lithium salt LiPF5 was dissolved in the solvent and mixed evenly, to obtain the electrolyte, where
a concentration of LiPFg was 1 mol/L.

Preparation of secondary battery

[0123] The positive electrode plate, a porous polyethylene (PE) separator, and the negative electrode plate were
stacked in order and then wound to obtain an electrode assembly; and the electrode assembly was put in an outer
package of an aluminum hard shell, and the electrolyte was injected and then packaged, to obtain a secondary battery.
A capacity of the secondary battery was 60 Ah. In a discharge curve of the secondary battery at 0.33C, a ratio W of a
discharge platform capacity of the second material to a total discharge capacity of the positive electrode active material
was equal to 5%.

[0124] Examples 2 to 28 and Comparative Examples 1 to 4: Preparation of the secondary battery was similar to
that in Example 1, with a difference in that related preparation parameters of the positive electrode plate were adjusted,
with details given in Table 1.

Ill. Performance test

[0125] For the test, reference is made to GB/T 19596-2017, GB/T 31484-2015, GB/T 31485-2015, and GB/T
31486-2015.

1. Direct current internal resistance DCR test of batteries at 5% SOC

[0126] Testing an actual capacity Co of the secondary battery at 25°C includes: The battery was left standing for 2
hours, discharged to a lower cut-off voltage at a constant current at a rate of 0.33C (for details, refer to Table 2), and
left standing for 10 minutes; and then the secondary battery was (1C indicated current intensity for completely discharging
a nominal capacity of the secondary battery within 1 hour) charged at a constant current at 0.33C to an upper cut-off
voltage of 4.35V, then charged at a constant voltage until a current was < 0.05C, left standing for 10 minutes, and then
discharged to the lower cut-off voltage at a constant current at 0.33C. An actual capacity was recorded as Co.

[0127] Then, the battery was charged at a constant current at a rate of 0.33Co to the upper cut-off voltage of 4.35 V,
and then charged at a constant voltage until the current was < 0.05C; at that point, the battery was at 100% SOC and
then was left standing for 10 minutes; and then the battery was discharged with a constant current at a rate of 0.33C
to 5% SOC, and left standing for 10 minutes; temperature was adjusted to target test temperature, for example, 25°C
or -20°C, the battery was left standing for 2 hours, where a discharge current was based on a pulse current satisfying
that the lower cut-off voltage could be reached during 10 seconds of discharge at 25°C or -20°C; and the battery was
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left standing for 10 minutes to obtain DCR of the battery at 5% SOC, and that DCR was recorded as DCR@5% SOC.
[0128] DCR@5% SOC of the battery containing only the first material in this example was recorded as DCR0, DCR@5%
SOC of the tested battery was recorded as DCR1, and direct current internal resistance DCR improvement ratio (%) of
the battery at the 5% SOC = (DCR1 - DCRO)/DCRO X 100%. DCRO and DCR1 were measured under the same tem-
perature.

2. Cycling swelling force growth rate test

[0129] The cycling swelling force growth rate was obtained by dividing an average swelling force change AF by N,
where AF was caused when a cycling charge/discharge capacity of the secondary battery dropped to 90% (that is, 90%
SOH) of a nominal capacity (the number of cycles at that point was recorded as N) at 25°C at a rate of 0.33C within a
range of the upper cut-off voltage of 4.35 V to the lower cut-off voltage (refer to Table 2) of the secondary battery, and
AF was a change in pressure of the secondary battery detected by a sensor in a detection apparatus at the Nt cycle of
the secondary battery with respect to that at a start of cycling. Specifically, AF = Fy - Fo, where F\ represents pressure
of the secondary battery (that is, swelling force of the secondary battery at that point) detected by the sensor of the
detection apparatus after the Nth cycle of the secondary battery, and Fo represents pressure of the secondary battery
(that is, swelling force of the secondary battery at that point) detected by the sensor of the detection apparatus at the
start of cycling of the secondary battery. The swelling force of the secondary battery during cycling could be measured
by using a method and an apparatus well-known in the art. For example, FIG. 7 and FIG. 8 show a detection apparatus
10. As shown in FIG. 7 and FIG. 8, the detection apparatus 10 includes a clamp assembly 11 and a pressure sensor
12. The clamp assembly 11 includes three steel plate clamps, the to-be-tested secondary battery is clamped between
two clamps, and wide surfaces of the secondary battery are in a face-to-face contact with the steel plate clamps; and
the pressure sensor 12 is clamped between another clamp and either of the foregoing two clamps, and the pressure
sensor 12 is connected to a pressure collector (for example, a computer). Herein, a thickness of a steel plate is 30 mm.
The steel plates and a connection member between the steel plates may be made of steel 45, and further, a surface of
the steel plate may be coated with chrome. A diameter of a pretensioner between the steel plates is optionally 15 mm.
An area of a rectangle enclosed by straight lines between pretensioners at four corners of the clamp should be greater
than or equal to an area of the wide surface of the secondary battery. Pre-tightening force was applied onto the to-be-
tested secondary battery through the steel plate clamps (for example, when the secondary battery was a hard shell
battery, 3 kN pre-tightening force could be selected; or when the secondary battery was a pouch-type battery, 1 kN pre-
tightening force could be selected), and was maintained throughout a test procedure, and the pre-tightening force was
recorded as initial swelling force Fo of the to-be-tested secondary battery. To apply more even force onto the secondary
battery and the pressure sensor, the secondary battery and the pressure sensor could be clamped in the center of the
clamps, and the pretensioners (for example, screws) atthe four corners of the clamps were fastened alternately diagonally,
and finally, the pretensioners at the four corners were fine tuned to achieve required pre-tightening force. Then, the
secondary battery was charged at a constant current at 0.33C to the upper cut-off voltage at ambient temperature set
to 25°C, then charged at a constant voltage until a current was less than 0.05C, left standing for 10 minutes, and then
discharged at a constant current at 0.33C to the lower cut-off voltage, and this was denoted as a cycle. The secondary
battery was charged and discharged cyclically in this way, and a discharge capacity and swelling force of the secondary
battery were monitored in real time until the discharge capacity of the battery attenuated to 90% of the nominal capacity.
Finally, a cycling swelling force growth rate of the secondary battery was calculated according to AF/N.

[0130] For a test result, refer to Table 2.
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Table 2

DCR improvement ratio of battery at 5% SOC

Test _ Cycling swelling force
Number temperature L\(I)Z\I/;r (;u(t;;))ff DCR |rr:z:i(())vement growth rate at 25°C
(OC) g
Example 1 25 2.8 91% 120%
Example 2 25 2.8 63% 98%
Example 3 25 2.8 72% 109%
Example 4 25 2.8 79% 105%
Example 5 25 2.5 41% 122%
Example 6 25 2.5 107% 68%
Example 7 25 2.5 93% 90%
Example 8 -20 2.1 165% 120%
Example 9 -20 2.1 126% 98%
Example 10 -20 2.1 138% 109%
Example 11 -20 2.1 149% 105%
Example 12 -20 2.0 62% 122%
Example 13 -20 2.0 213% 68%
Example 14 -20 2.0 191% 90%
Example 15 25 2.8 61% 104%
Example 16 25 2.8 69% 107%
Example 17 25 2.8 68% 112%
Example 18 25 2.8 64% 115%
Example 19 25 2.8 62% 121%
Example 20 25 2.8 61% 101%
Example 21 25 2.8 60% 92%
Example 22 25 2.8 59% 100%
Example 23 25 2.8 65% 111%
Example 24 25 2.8 62% 114%
Example 25 25 2.8 65% 113%
Example 26 25 2.8 67% 111%
Example 27 25 2.8 64% 108%
Example 28 25 2.8 62% 106%
Comparative 25 28 0% 142%
Example 1
Comparative
-20 2.0 0% 142%
Example 2
Cg)g‘:;f:";e 25 2.8 39% 107%
Cg)g‘:;f:'f 25 2.8 43% 116%
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[0131] It can be seen from the results in table that in the secondary battery in the embodiments of in this application,
the positive electrode plate included the first material, and the first material contained the lithium transition metal oxide.
In addition, the positive electrode plate was also combined with the second material, the second material contained
lithium transition metal phosphate, the lithium transition metal phosphate included secondary particles, the second
material had a lower discharge platform voltage than the first material, and therefore, the direct currentinternal resistance
of the battery could be greatly increased under higher energy density of the battery, and particularly, the direct current
internal resistance of the battery at low temperature or a low SOC is more obviously increased. The battery could also
have a lower cycling swelling force change rate.

[0132] The secondary batteries in Comparative Examples 1 to 4 did not meet a condition of this application, and had
relatively large direct current internal resistance.

[0133] The foregoing descriptions are merely specific implementations of this application, but are not intended to limit
the protection scope of this application. Various equivalent modifications or replacements readily figured out by a person
skilled in the art within the technical scope disclosed in this application shall fall within the protection scope of this
application. Therefore, the protection scope of this application shall be subject to the protection scope determined based
on the claims.

Claims

1. A secondary battery, comprising a positive electrode plate, wherein the positive electrode plate comprises a positive
electrode current collector and a positive electrode film layer that is disposed on the positive electrode current
collector and that comprises a positive electrode active material, wherein
the positive electrode active material comprises a first material and a second material, the first material contains
lithium transition metal oxide, the second material contains lithium transition metal phosphate, the lithium transition
metal phosphate comprises secondary particles formed by agglomeration of primary particles, and the second
material has a lower discharge platform voltage than the first material with respect to a same type of counter electrode.

2. The secondary battery according to claim 1, wherein a particle size of the primary particles ranges from 30 nm to
800 nm, optionally from 200 nm to 650 nm, and further optionally, from 350 nm to 500 nm; or
a median particle size by volume D, 50 of the second material ranges from 4 um to 10 um, and optionally, from 5
pmto 9 pm.

3. The secondary battery according to claim 1 or 2, wherein the first material has a discharge platform voltage ranging
from 3.5 V to 4.2 V and optionally a discharge platform voltage ranging from 3.6 V to 3.8 V in a discharge curve at
a discharge rate of 0.33C with respect to graphite; or
the second material has a discharge platform voltage ranging from 3.0 V to 4.0 V, optionally a discharge platform
voltage ranging from 3.2 V to 3.7 V, and further optionally a discharge platform voltage ranging from 3.2V to 3.5V
in a discharge curve at a discharge rate of 0.33C with respect to graphite.

4. The secondary battery according to any one of claims 1 to 3, wherein a ratio W of a discharge platform capacity of
the second material to a total discharge capacity of the positive electrode active material in a discharge curve of the
positive electrode plate at the discharge rate of 0.33C with respect to a graphite counter electrode is < 30%, optionally
2% < W < 15%, and further optionally, 3% < W < 8%.

5. The secondary battery according to any one of claims 1 to 4, wherein the lithium transition metal phosphate is
selected from one or more of LiFePO,, LiMnPO,, LiMn,_,Fe,PO,, LisV,5(PO,)3, and their modified materials, and
optionally comprises one or more of LiFePO,, LiMn,_,Fe,PO,, and their modified materials, wherein 0 <z < 1, and
optionally 0.05 <z <0.5.

6. The secondary battery according to any one of claims 1 to 5, wherein the second material comprises a composite
material of the lithium transition metal phosphate and carbon, and a mass ratio of carbon in the composite material

ranges from 0.8% to 2.0%, optionally from 1.0% to 1.7%, and further optionally from 1.4% to 1.6%.

7. The secondary battery according to any one of claims 1 to 6, wherein the lithium transition metal oxide is selected
from one or more of lithium transition metal oxides expressed by formula (I) and their modified materials;

Li1+xNigCopM1 o502 Ay )
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wherein -0.1 <x<0.2,0.5<a<0.95,0<b<0.2,0<a+b<1,and 0<y<0.2, Mis selected from one or more of
Mn, Fe, Cr, Ti, Zn, V, Al, W, Mg, B, Cu, Y, Si, Sr, Zr, and Ce, and A is selected from one or more of S, F, ClI, PO43'
, and |; and optionally, 0.5 <a < 0.7 and 0.01 <b <0.15.

The secondary battery according to any one of claims 1 to 7, wherein the first material comprises single particles,
and optionally, a number percentage of the single particles in the first material is > 70%, and further optionally ranges
from 80% to 100%, or alternatively optionally, from 90% to 100%.

The secondary battery according to any one of claims 1 to 8, wherein a median particle size by volume D, 50 of the
first material ranges from 0.5 wm to 20 wm, optionally from 2 um to 15 um, and further optionally, from 3 pum to 6 um.

The secondary battery according to any one of claims 1 to 9, wherein a particle size by number Dy10 of the first
material ranges from 0.2 pm to 5 wm, optionally from 0.5 um to 3 wm, and further optionally, from 0.5 um to 0.8 pm.

The secondary battery according to any one of claims 1 to 10, wherein particle sizes by volume D, 99 and D,,10 of
the first material satisfy 1 < D,,99/D,,10 < 10, and optionally, 3 < D,99/D,10 < 7.

The secondary battery according to any one of claims 1 to 11, wherein a pH value of the first material ranges from
9 to 13, and optionally, from 10 to 12.

A preparation method of a secondary battery, comprising steps of the following method for preparing a positive
electrode plate:

providing a positive electrode active material, wherein the positive electrode active material comprises a first
material and a second material, the first material contains lithium transition metal oxide, the second material
contains lithium transition metal phosphate, the lithium transition metal phosphate comprises secondary particles
formed by agglomeration of primary particles, and the second material has a lower discharge platform voltage
than the first material with respect to a same type of counter electrode;

forming the positive electrode active material into a positive electrode slurry; and

applying the positive electrode slurry onto a positive electrode current collector to form a positive electrode film
layer, to obtain the positive electrode plate.

A battery module, comprising the secondary battery according to any one of claims 1 to 12, or the secondary battery
obtained in the preparation method according to claim 13.

A battery pack, comprising the secondary battery according to any one of claims 1 to 12, the secondary battery
obtained in the preparation method according to claim 13, or the battery module according to claim 14.

An apparatus, comprising the secondary battery according to any one of claims 1 to 12, the secondary battery
obtained in the preparation method according to claim 13, the battery module according to claim 14, or the battery
pack according to claim 15, wherein the secondary battery, the battery module, or the battery pack is configured to
provide power for the apparatus or used as an energy storage unit of the apparatus.
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